Abstract Impaired renal function has been recognised as an independent cardiovascular risk factor in the general population and in patients with established cardiovascular disease. In this issue of Diabetologia, Drury et al. examined the association of two markers of renal function with cardiovascular outcome in patients with type 2 diabetes. They found that both estimated glomerular filtration rate (eGFR) and albuminuria were independent predictors, but that their incremental contribution to cardiovascular risk was modest compared with that of other risk factors. Both eGFR and albuminuria appear to integrate information from other risk factors and may be more suitable than populationbased risk scores for risk prediction in individuals, but further research is required to examine whether reduced eGFR and albuminuria mainly represent generalised vascular damage or if impaired renal function directly affects vascular structure and function in patients with type 2 diabetes.
Abstract Impaired renal function has been recognised as an independent cardiovascular risk factor in the general population and in patients with established cardiovascular disease. In this issue of Diabetologia, Drury et al. examined the association of two markers of renal function with cardiovascular outcome in patients with type 2 diabetes. They found that both estimated glomerular filtration rate (eGFR) and albuminuria were independent predictors, but that their incremental contribution to cardiovascular risk was modest compared with that of other risk factors. Both eGFR and albuminuria appear to integrate information from other risk factors and may be more suitable than populationbased risk scores for risk prediction in individuals, but further research is required to examine whether reduced eGFR and albuminuria mainly represent generalised vascular damage or if impaired renal function directly affects vascular structure and function in patients with type 2 diabetes. [1, 2] . They are also evident in patients with less advanced chronic kidney disease (CKD) [3] . The link between renal impairment and CVD has been strengthened by the many studies demonstrating that subclinical renal impairment is common in the general population and in other groups without primary progressive renal disease and is an independent risk factor for death, cardiovascular events and hospitalisation [4] . Such studies have been facilitated by the development of estimates of renal function that do not require urine collection or infusion of tracer substances, based on the formula developed by Cockcroft and Gault in 1976 [5] to estimate creatinine clearance. At present, the equation most commonly used to calculate estimated glomerular filtration rate (eGFR) is the Modification of Diet in Renal Disease (MDRD) four-component formula [6] . This uses information on serum creatinine levels, age, sex and race, but does not require values for the patient's weight, blood urea nitrogen or albumin levels [7] . The formula undoubtedly has limitations: the correction for age may underestimate true renal function in the elderly, it is inaccurate in patients with a GFR >60 ml/ min, and the absence of a correction for weight may underestimate the true GFR at extremes of weight. However, despite these caveats it has become the basis for routine reporting of eGFR by biochemical laboratories in the UK and elsewhere.
A study in the present issue of Diabetologia by Drury et al. [8] examined the role of eGFR on cardiovascular events and mortality in 9,795 patients with type 2 diabetes but without advanced renal disease and found that a reduced eGFR was a risk factor for cardiovascular events. Despite being subject to the limitations discussed above, this study is important for a number of reasons. First, it is a large study with follow-up for up to 6 years, and the absence of a benefit of the primary intervention (fenofibrate vs placebo) on cardiovascular events [9] permits the inclusion of all patients in this post hoc analysis. Second, the authors have examined eGFR and urinary albumin excretion, observing that albuminuria increased cardiovascular risk independently of eGFR, and that there is an additive interaction between eGFR and protein excretion on cardiovascular outcomes. Third, the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) study recruited a low-risk population of patients with type 2 diabetes who were aged 50-80 years and had near normal renal function as assessed by conventional methods (those with a serum creatinine of >130 μmol/l were excluded and the mean value was only 79 μmol/l); the 5 year mortality rate for this group was only 6.9%. These data therefore give an insight into the impact of mild, sub-clinical renal dysfunction in the majority of patients with type 2 diabetes and have important implications [10] .
What are the implications of the paper by Drury et al. [8] for clinical practice? Since the discovery of major cardiovascular risk factors in the Framingham study we have struggled to further refine our estimations of cardiovascular risk. Risk scores perform well on a population basis whereas a probability in per cent is not the most satisfactory clinical tool when it comes to treatment of individual patients. This is why markers that integrate several risk factors to indicate a patient's 'position' on the cardiovascular continuum [11] may help to estimate individual risk. In their current guidelines, the European Society of Hypertension and European Society of Cardiology acknowledge the potential benefit of intermediate cardiovascular phenotypes including endothelial function, vascular stiffness and carotid intima-media thickness to assess risk and to guide treatment decisions in patients with hypertension [12] . Similarly, in these and other guidelines (such as the Joint British Societies' guidelines on prevention of cardiovascular disease in clinical practice (JBS 2) [13] ) it is recognised that CKD is a cardiovascular risk factor that should prompt physicians to target blood pressure and other modifiable risk factors more intensively. Assessment of renal function and proteinuria is thus part of the routine workup of patients with hypertension or diabetes [12, 14, 15] .
However, whilst the majority of risk scores (including JBS 2) label patients with CKD as a high-risk group who require intensive preventive therapy, it is surprising that a measure of renal function has not been incorporated in the currently available cardiovascular risk calculators, with the exception of some new scores such as QRISK2 [16] . Drury and colleagues offer a potential strategy for the subdivision of eGFR and proteinuria, with incremental, additive effects on outcomes. [9] .
A criticism of the study is that (having excluded patients with a serum creatinine of >130 μmol/l) the main determinants of eGFR are age and sex. The authors highlight this issue and conclude that 'while their independent contributions to CVD risk (of eGFR and proteinuria) appear small when other risk factors are considered, because they capture risk related to a number of characteristics, they are excellent surrogate markers in clinical practice'. Moreover, they are readily measured and potentially remediable.
Why are eGFR and proteinuria markers of cardiovascular risk? The prevailing view is that impaired renal function and albuminuria are markers of general vascular damage that can be conveniently assessed by renal function. This may be the case for (micro)albuminuria, which is not always a specific marker for renal disease such as diabetic nephropathy. However, impaired renal function per se may cause direct cardiovascular effects. The nature of these effects is unclear in early stages of CKD that are not characterised by major changes in calcium and phosphate metabolisms or erythropoietin synthesis; mechanisms mediated by vascular calcification or anaemia thereby do not explain the findings. However, it is known that levels of some biomarkers (e.g. fibroblast growth factor 23) are elevated with minor loss of renal function, and that left ventricular hypertrophy may be present with even minor reductions in eGFR. Left ventricular hypertrophy might provide an explanation for the observation that reduced eGFR and albuminuria are associated with a dysproportionate increase in sudden death rather than nonfatal CHD events in the FIELD study [8] . These potential links require further exploration, and an alternative view is that renal dysfunction and proteinuria are manifestations of atheromatous vascular disease involving the renal vasculature. It is worth mentioning that novel markers of renal function, such as cystatin C [17] and novel biomarkers of renal tubular damage (such as kidney injury molecule-1 and clusterin [18, 19] ), and urinary proteomic signatures [20, 21] may provide further insight into the relationship between CKD and cardiovascular risk.
Another interesting feature of the study [8] is that, in addition to baseline values, changes in renal function over a 2 year period also determined cardiovascular risk, and the authors speculate that improvement of renal function, for example, by appropriate medication, might improve cardiovascular outcome. Although there are reasons to believe this, one cannot draw definite conclusions from the reported observation, and changes in eGFR may be 'cosmetic', reflecting treatment with calcium channel blockers or reduced renin-angiotensin system blockade. However, the adverse effects of calcium channel blockers and the beneficial effects of angiotensin-converting enzyme inhibitors and angiotensin receptor blockers on glomerular pressure [22] may be more relevant for long-term renal (and potentially cardiovascular) outcome than any short-term effects on eGFR.
Overall, this study demonstrates the importance of minor reductions in renal function and the interaction with urinary albumin excretion on cardiovascular risk, even in low-risk individuals with type 2 diabetes. While the mechanisms and potential therapeutic implications of these observations will require further study, this is clear evidence that estimation of glomerular filtration rate even in patients with a normal serum creatinine level can improve cardiovascular risk stratification.
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